chronic but hidden manner. 3 Therefore, seeking for novel and efficacious treatments enabled us to continuously unveil key risk factors of OPLL, yet, little evidence has been released. As suggested by twin and pedigree studies, hereditary factors or genetic polymorphisms (e.g., COL6A1 promoter-572T) seemed to impose significant impacts on OPLL, suggesting that identification of susceptible genes may lead us to discover early interventions to effectively impede OPLL progression. 5, 6 Previous researches reported that the expression of Runx2 (Runtrelated transcription factor 2) was enhanced in spinal ligament cells of OPLL patients. 7 Besides, it was speculated that Runx2 may affect progression of heterotopic ossification as silencing of Runx2 could inhibit the expression level of angiopoietin-1 in cultured OPLL cells.
8
Two years later, Runx2 was confirmed to inhibit the formation of heterotopic ossification in an independent manner. 9 Consequently, we suspected that Runx2 might be closely associated with the morbidity of OPLL.
As a transcription factor, Runx2 appears to manipulate an intricate gene-regulator network during the process of osteoblastogenesis. 10 To be specific, numerous osteoblast lineage-specific genes, such as Ocn (osteocalcin), Osx (osterix), and Bsp (bone sialoprotein), could be up-regulated by Runx2, while the expression of nonosteoblast genes, including MyoD (myogenic differentiation) and PPAR-γ (peroxisome proliferator-activated receptor gamma), may be down-regulated by Runx2. 10 Moreover, Runx2 has been hypothesized to control gene expressions through its unique interaction with various co-regulatory factors, 11 nevertheless, how this interaction goes and what the functional polymorphisms of Runx2 are still remain challenging.
10
Hence, this retrospective case-control study enabled us to find out the functional polymorphisms of Runx2 that were crucial to the occurrence of OPLL, which could provide evidence on discovering early interventions for OPLL.
| MATERIALS AND METHODS

| Subjects
We selected 80 patients (case group) who were diagnosed as OPLL On the other hand, the control group included 80 unrelated patients who were confirmed as OPLL negative and they were admitted in our hospital during the same period. The baseline clinical characteristics are enlisted in Table 1 . Individuals in the two groups were all of the Han nationality. Patients in the case group would be accepted if they: (1) had no history of spine-relevant surgery; (2) owned a ossification scope that was confined to C 3~7 scope, and was involved with two segments; (3) have a >50% occupational ratio of spinal canal.
Furthermore, patients with ankylosing spondylitis, diffuse idiopathic bone hypertrophy, spinal infection, and tumor were excluded. Patients who had taken drugs were also excluded since these drugs may have impact on bone metabolism. This study was approved by the Ethical Committee of Affiliated Shanxi Provincial People's Hospital, Shanxi
Medical University. Each participant has signed the informed consent and they agreed to participate in this study.
| Operation of laminoplasty and postoperative treatment
After general anesthesia, patients accepting laminoplasty routinely exposed their C 2~7 vertebral plate and lateral mass. The side assuming serious physical symptoms was chosen as the opened side. Muscles that attached to C 2 spinous process were reserved, and the opening range remained C 3~7 vertebral plate with the angle ranging from 45° to 60°. The contracture tract outside the dura mater was loosen to the degree that dural sac achieved distention and pulsation. The vertebral plate was turned on, and it was fixed on joint capsule for routine indwelling drainage.
All patients were post-operatively given antibiotics and hormones routinely through intravenous injection. The drainage tubes would be removed when the drainage liquid for patients without leakage of cerebrospinal was <50 mL/day. Besides, the patients were kept in the dorsal elevated position, and their wounds were appropriately treated with pressure. If necessary, subdural puncture was applied for catheter drainage. Finally, patients receiving laminoplasty should wear neck circumstances for 6 weeks after operation.
| Efficacy evaluations
All OPLL patients were followed up for 12 months, and the clinical efficacy of laminoplasty on them was evaluated according to Japanese
Orthopaedic Association (JOA) score. The scores of vertebrate JOA peaked at 17 and bottomed at 0, and lower scores were representative of more evident functional disorders. The recovery rate after operation was calculated in light of the following formula:
| Collection of genomic DNA from peripheral blood
We collected 3 mL of peripheral venous blood from all participants before they had breakfast in the morning. Then, all blood samples were kept in heparin anticoagulant tubes in which serum was separated once samples were properly mixed. After that, the blood samples were stored in an ultra-low-temperature (−70°C) freezer. Then, we added 10 mL of EDTA anticoagulant into each peripheral blood sample obtained from patients in the two groups and all samples were maintained in a sterile condition. The extraction and purification of genomic DNA from peripheral blood was implemented by DNA purification kit (Qiagen Company in Germany).
| Genotyping of three SNPs in Runx2
Gene sequences of RUNX2 were searched via NCBI Gene, and were also located with NCBI SNP. With assistance of NCBI Primer-BLAST, primer sequences for proliferation of SNPs were designed, and the primers featured by fine specificity and hard to dimerization. After primers were designed (Table 1) , the 50 μL PCR reaction system adopted to proliferate DNA fragment was specifically described as Figure 1H . Besides, the four SNPs (rs967588, rs16873379, rs3749863, and rs6908650) in Block 1 were in high LD, and another three SNPs belonged to Block 2 (rs13212075, rs1406846, and rs2677108) were in high LD. The associations between various factors and ossification of cervical vertebra longitudinal ligament were assessed by logistic regression.
| Statistical analysis
| RESULTS
| Baseline characteristics of patients in the case and control group
Clinical and demographic characteristics of patients were revealed and compared in 
| Genotype distribution and allele frequency of Runx2 gene loci in the case and control group
The genotyping and allelic frequencies of SNPs that were situated in Runx2 are listed in Table S1 . In the allelic model (Table 3) , rs1406846
Post-operative JOA score − Pre-operative JOA score 17 − Pre-operative JOA score × 100. 
| Association between Runx2 SNPs and outcomes of OPLL patients after posterior laminoplasty surgery
It was observed in Table 4 
| Association between Runx2 SNPs and ossification segment number of OPLL patients
The chi-square test ( Ref.
Ref.
Ref.
RUNX2: Runt-related transcription factor 2; SNP, single-nucleotide polymorphism; LD, linkage disequilibrium; OR, odds ratio; CI, confidence interval.
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the three SNPs might regulate severity of OPLL with statistical significance (P<.05). In contrast, the remaining four SNPs (i.e., rs967588, rs3749863, rs6908650, and rs1321075) showed hardly significant associations with number of ossification segments (P>.05).
| DISCUSSION
OPLL, a prevailing disease in Asia, is characterized by abnormal ectopic calcification of ligaments that usually occurred in the cervical spine region. [12] [13] [14] [15] Previous studies have suggested that OPLL was classified as a multifactorial disease that may be induced by several genetic and environmental factors, including HLA antigens, hormonal imbalance, infection, diabetes, history of trauma as well as dietary habits.
12, [16] [17] [18] [19] [20] It has been reported that OPLL was related to several genes, including
FF variant of vitamin D receptor,
13 BMP4 (bone morphogenetic protein 4), 21 TGF3 (transforming growth factor 3), 16 and human retinoic X receptor β. 22 Moreover, a number of case-control studies based on different populations provided evidence that OPLL was associated with several SNPs on genes including BMP4 in Chinese population,
23
IL15RA (interleukin 15 receptor alpha) in Korean patients, 24 TGF-β1
(transforming growth factor-β1) in Japanese, 25 and COL6A1 (collagen 6A1) in Chinese Han population. 6 Nevertheless, key causative genetic mutations that are associated with OPLL have not been identified.
16
Therefore, identifying key genetic mutations or SNPs is an informative approach for early interventions.
As a transcription factor, Runx2 is responsible for osteoblast differentiation and it is involved in both bone formation and skeletal development. [26] [27] [28] [29] Particularly, a study based on establishment of mice models suggested that the formation of mineralized skeleton could not be completed without assistance of Runx2. 30 T A B L E 4 Association between RUNX2 SNPs and outcome of OPLL patients (e.g., JOA score and improvement rate) after posterior laminoplasty surgery through BMP/Smad pathways and such mechanism should be verified by further researchers.
| CONCLUSION
In summary, Runx2 polymorphisms appeared as critical risk factors for OPLL, and they might predict the treatment efficacy of posterior laminoplasty. Taken together, these findings may provide us an informative path to profoundly understand the pathology of OPLL, providing a reference for developing early intervention of OPLL.
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